were measured before and after transplantation using a semiautomated immunofluorescence test (FIAX test system, Whittaker Bioproducts, Inc., Walkersville, MD). IgG titers >20 were considered positive. CMV IgG was also the routine test used for donor screening.
Intravenous ganciclovir therapy (Cytovene; Syntex Pharmaceutical Ltd., Palo Alto, CA) was started only with the first detection of pp65 antigenemia, and continued until pp65 clearance. The ganciclovir dose was governed by creatinine clearance: >50 mlImin -5 mg/kg of ganciclovir twice daily, 10-50 mllmin -5 mg/kg every 24-48 hr, and <10 mllmin -5 mg/kg every 48-96 hr.
As expected, 17 (85%) of the 20 patients had positive pp65 tests (CMV antigenemia) after a median posttransplant interval of 34 days (range, 9-83 days). Positive shell vial CMV cultures (viremia) were obtained at the same time as the first antigenemia diagnosis in only 5 of these 17 cases.
Twelve of the 17 patients were asymptomatic when the first positive pp65 test was obtained, including a recipient who was diagnosed only 9 days after transplantation (Fig. 1) . The pp65 levels were generally low: 20±28 (SO) per 2 X 10 5 leukocytes. However, 6 of the 12 had further rises in anti· genemia for 1 to 12 days after therapy was started, to a median peak of73 stained PBLs (range, 29-446 PBLs), before antigenemia began to clear. An example is shown in Figure l . Ganciclovir instituted at the time of the first antigenemia prevented clinical disease in 11 of the 12 infected patients: the exceptional patient had a transient fever. The five other patients had CMV hepatitis at the time antigenemia was detected 12-83 days after surgery (median, 34 days). The median number of pp65-positive cells was 475 (range, 177-872).
Antigenemia was cleared with intravenous ganciclovir therapy in all 17 patients but recurred in 10 (59%) patients 5-174 days (median, 57 days) after the drug had been discontinued. Recurrence was independent of IgG conversion (P=0.26). The only patient who was symptomatic with recurrence had 430 pp65-stained cells, which cleared after resumption of ganciclovir. The nine asymptomatic patients had 3-101 pp65-stained cells. Ganciclovir retreatment promptly cleared the antigenemia in the recipient with 101 stained cells. Retreatment was withheld in the other eight patients whose samples had <100 stained cells, and the antigenemia resolved spontaneously in all. In these cases, the antigen assay was useful as a signal to begin preemptive antiviral treatment, as envisioned by Rubin (2), as a means to decide whether to reinstitute ganciclovir in the event of a recurrence (previously emphasized by The et al. (6] ) and as a guide to individualize the duration of a ganciclovir course in all of these circumstances. The assay also can be an important differential diagnostic tool. The persistence of symptoms despite clearance of the CMV pp65 antigen is an unambiguous warning of co-infection by another pathogen. Conversely, failure of antigen clearance should raise suspicion of ganciclovir-resistant CMV mutants. The pp65 findings are specific. With a novel method for quantitation of CMV DNA in leukocytes, a highly significant correlation was demonstrated between leukoDNAemia and the presence and quantity of pp65 antigenemia (13) .
The sensitivity and quantitation nature of the pp65 test allowed new observations about response to therapy, such as the reason for increases in pp65 levels seen during the first few days after beginning ganciclovir in half of the preemptively treated patients. This may have reflected a delay in suppression of viral replication or, alternatively, phagocytosis by PBLs of degrading CMV matrix protein from lysed, infected leukocytes (14) or from the ballooned and infected endothelial cells that shed into the circulation (15) .
